Introduction
Between 1961 and 1969, Alan Griggs and others conducted fieldwork to prepare a geologic map of the Spokane 1:250,000 map (Griggs, 1973) . Their field observations were posted on paper copies of 15-minute quadrangle maps. In 1999, the USGS contracted with the Idaho Geological Survey to prepare a digital version of the Coeur d'Alene 1:100,000 quadrangle. To facilitate this work, the USGS obtained the field maps prepared by Griggs and others from the USGS Field Records Library in Denver, Colorado. The Idaho Geological Survey (IGS) digitized these maps and used them in their mapping program. The mapping focused on field checks to resolve problems in poorly known areas and in areas of disagreement between adjoining maps. The IGS is currently in the process of preparing a final digital spatial database for the Coeur d'Alene 1:100,000 quadrangle. However, there was immediate need for a digital version of the geologic map of the Coeur d'Alene 1:100,000 quadrangle and the data from the field sheets along with several other sources were assembled to produce this interim product.
This interim product is the digital geologic map of the Coeur d'Alene 1:100,000 quadrangle, Idaho and Montana. It was compiled from the preliminary digital files prepared by the Idaho Geological, and supplemented by data from Griggs (1973) and from digital databases by Bookstrom and others (1999) and Derkey and others (1996) . The resulting digital geologic map (GIS) database can be queried in many ways to produce a variety of geologic maps. Digital base map data files (topography, roads, towns, rivers and lakes, etc.) are not included: they may be obtained from a variety of commercial and government sources. This database is not meant to be used or displayed at any scale larger than 1:100,000 (e.g., 1:62,500 or 1:24,000). The digital geologic map graphics and plot files (cda100k.gra/.hp and cda-map.pdf) that are provided in the digital package are representations of the digital database.
The map area is located in north Idaho (Fig. 1 ). This open-file report describes the geologic map units, the methods used to convert the geologic map data into a digital format, the ArcInfo GIS file structures and relationships, and explains how to download the digital files from the U.S. Geological Survey public access World Wide Web site on the Internet. Manuscript reviews by Pamela D. Derkey, Thomas P. Frost, and Michael L. Zientek are greatly appreciated. I wish to thank Michael L. Zientek for the map unit descriptions and review of the digital files.
Description of Map Units
Unit descriptions were not included with the field sheets obtained from the USGS Field Records Library. These units' descriptions were modified from information published by Griggs (1973) , Weis (1968) , Weissenborn and Weis (1976) , and Joseph (1990) .
Qal
Alluvial silt, sand, and gravel along stream valleys; silt and peat in filled ponds and lakes.
Qgy
Younger glacial deposits -Glaciofluvial deposits of sand and gravel. Includes morainal till around the southwest end of Pend Oreille Lake.
Qls
Landslide deposits -Areas of slump along valley walls.
Qgo
Older glacial deposits -Glaciofluvial and glaciolacustrine deposits of silt, sand, and gravel, usually stratified and well sorted; includes some kame deposits and morainal material along margins of Spokane Valley and Rathdrum Prairie and in their tributary valleys.
Qp
Palouse Formation-Loess deposits of tan to brown silt and fine sand, includes a number of overlapping soil zones of differing ages, some of which have well-developed clay and caliche layers; mantles the basalt plateau and the lower, gentler slopes of hills and ridges of pre-Tertiary rock that protrude above the top surface of the basalt flows and border the flows on the eastern side.
QTg
Older gravel deposits -Poorly consolidated gravel, sand, and silt capping terraces and some flat ridge crests or other gently sloping surfaces. Accumulation of some deposits began after outpouring of basalt flows of the Columbia River Group, which dammed stream drainages; some result from blocking of drainage to west by glacial material in Pleistocene time. Deposits all of local origin.
Tcr
Columbia River Basalt Group and Latah Formation -Flows of dense, dark, tholeiitic basalt, usually from 50 to 150 feet thick, and all essentially flat lying. Pillowpalagonite tuff complexes are present. The interlayered or underlying lacustrine beds of the Latah Formation are included with the basalt and not shown separately are. The Latah Formation consists of poorly-indurated siltstone, claystone, sandstone, and minor conglomerate that are tan to gray in color, thin bedded, and in part laminated.
TKg
Granitic rocks -Plutons to batholithic complexes that predominantly consist of felsic igneous rocks of quartz monzonitic to granodioritic composition, but including differentiates ranging in composition from diorite to alaskite. Most of rocks are mediumto coarse grained and in large part porphyritic, but also include some sill-like bodies of fine-grained quartz monzonite intruded into the high-grade metamorphic rocks. Some, such as the small pluton south of Wolf Lodge Bay on Coeur d'Alene Lake, have apophyses and dikes of porphyries associated with them.
Cl
Lakeview Limestone -Light-to dark-gray, thin-to thick-bedded, blocky limestone; includes blocky gray dolomite unit in upper part; contains some silty to sandy layers and zones. Metamorphosed to marble or hornfels adjacent to granitic intrusives.
Crg
Rennie Shale and Gold Creek Quartzite -Rennie Shale -a fissile olive colored fossiliferous shale, about 100 feet thick; exposed only infrequently and generally poorly so. This units lies conformably between the Gold Creek Quartzite and the overlying Lakeview Limestone and is here mapped with the Gold Creek Quartzite. Gold Creek Quartzite -White-to pinkish-vitreous, coarse-grained quartzite. Some pebble conglomerate is always present at base. The quartzites are usually thick-bedded and commonly crossbedded; the unit is about 500 feet thick.
Metamporphosed sedimentary rock of the Belt Supergroup

Yl
Libby Formation -Dominantly medium-gray to olive-colored siltite or laminated siltite and argillite. Very thinly laminated dark argillite makes up the lowest part of section. The unit also contains rare chert laminae. Mud-chip breccia and ripple marks are common structural features; mud cracks are rare. It characteristically weathers in a blocky habit. Maximum thickness of eroded remnants is approximately 2,000 feet.
Ysp
Striped Peak Formation -This formation consists of four distinct sub-units: 1) a basal mixed siltite, argillite, and quartzite member of red and green color overlain successively by 2) a tan dolomitic member, 3) a very thinly laminated dark-gray argillitesiltite member, and capped by 4) a dark-red arkosic quartzite unit (Harrison and Jobin, 1963) . The combined thickness of the unit is nearly 2,000 feet and is about equally divided among the four sub-units. Basal unit thickens and overlying units wedge out southward. Mud cracks, ripple marks, and mud-chip breccia are found in red to green-colored rocks; salt casts and channeling are much less common structures. Several stromatolite layers occur in this unit. Micaceous sheen on bedding surfaces is characteristic at most outcrops. The transition into the overlying Libby Formation, and into the underlying upper part of Wallace Formation occurs through fairly narrow zones.
Ywu
Upper part of Wallace Formation -Very thinly bedded dark-gray argillite or thinly laminated dark-gray argillite and light-gray siltite; a few beds or thin zones of lighter colored siltite are scattered through unit. A carbonate-bearing zone several hundred feet thick occurs near the center or toward the top of the map unit and appears to persist throughout area. It consists of greenish-gray to gray to dark-gray interbedded to interlaminated dolomitic argillite to siltite with some gray dolomite to dolomitic limestone beds, similar to basal unit of the lower part of Wallace. At some places dark-gray argillite, also contains carbonates. At most exposures, rocks are noticeably fissile, and fairly regularly bedded. Thickness is approximately 2,500 to 3,000 feet. The lower contact is gradational.
Ywl
Lower part of Wallace Formation -This map units contains two distinguishable members, which were not differentiated on map. The upper unit consists predominantly of alternating black argillite and light-gray to greenish-gray siltite or quartzite; the latter is usually carbonate bearing. Interspersed in the sequence are layers or zones of rock like that in the Wallace units above and below. The lower unit, green to greenish-gray or gray, usually carbonate -bearing, interbedded or interlaminated argillite and siltite, contains many bluish-gray dolomite and dolomitic limestone beds. Blocky weathering molar-tooth structure, and rusty-tan-weathering are characteristic. Mud cracks (nondesiccate in origin) and ripple marks are common; fine-textured cross bedding is evident on etched surfaces of some siltite and quartzite beds. Irregularity in bedding and minor folds are characteristic. Thickness is estimated to vary from 5,000 to 7,000 feet; the thinnest section is in and around the Coeur d'Alene district.
Ysr
St. Regis Formation -Dark-red, purplish-red, green, or greenish-gray, interbedded or interlaminated, usually very thin-to thin-bedded argillite and siltite. The unit contains some quartzite beds in its basal part and becomes more argillitic toward top. Some carbonate-bearing beds are found in the upper part. Mud cracks, mud-chip breccia, and ripple marks are very common. It is gradational into units above and below. The unit weathers into platy or flaggy fragments.
Yr
Revett Formation -Blocky, white to light-gray, thick-bedded, fine-to mediumgrained, vitreous quartzite that is somewhat feldspathic. Gray to greenish-gray, thin-to thick-bedded siltite with partings and interbeds of argillite are common in upper and lower parts of the unit; siltite may be dominant rock type over zones tens of feet thick. Cross bedding in vitreous quartzite is common, and a rusty speckling due to weathering of small round carbonate segregations is characteristic in some vitreous beds. The thickness ranges from 2,000 to 3,000 feet. The map unit is transitional over hundreds of feet into units above and below.
Yrb
Revett and Burke Formations, undivided -Units are lumped together where individual identity questionable in areas west of south end of Coeur d'Alene Lake.
Yb
Burke Formation -Light-to medium-gray to greenish-gray, thin-to thickbedded siltite with partings and interbeds of argillite. Some light-gray to white quartzite occurs in scattered beds and zones. At some places, mostly peripheral to Coeur d'Alene mining district and in the lower middle part of section, rocks are reddish-purple to lavender in color. Ripple marks are common in places; some cross bedding is present. At many exposures, the rocks have a faded weathered rind that contrasts with darker fresh rock. Fine magnetite octahedral pepper many of siltite beds. It is transitional into formations above and below. The thickness ranges from 2,800 to 4,500 feet; at most places, it is between 3,000 and 3,500 feet.
Yp
Prichard Formation undivided -The formation was mapped as a single unit in western part of Coeur d'Alene district near Kellogg. The upper transitional zone and argillitic rocks have not been mapped separately from the predominantly siltite to quartzite below in the western part of the Coeur d'Alene district.
Ypu
Upper part of Prichard Formation -Dark-to medium-gray, very thin-bedded argillite commonly interlaminated with light-gray siltite and also containing some siltite beds. This sequence grades upward into a interbedded and interzoned argillite, siltite, and quartzite sequence 500 to 1,000+ feet thick, which forms the transition zone into silititic and quartzitic units above. Argillite is rust-stained on weathered surfaces; occasional ripple marks are present in the upper part. Total thickness ranges from 2,500 to 3,500 feet.
Ypl
Lower part of Prichard Formation -Predominantly medium-to light-gray, thinand regularly bedded siltite, laminated in part; some argillite is present in laminae and beds. Some beds or zones of gray to white quartzite of lenticular habit are present. Disseminated pyrrhotite concentrated within certain laminae is characteristic, and its weathering results in a persistent rusty-red rind on fracture surfaces. Thickness is over 7,500 feet; the base of the unit is not exposed.
Other Precambrian rock units Yqd
Quartz diorite -Dark-green, fine-to coarse-grained, hornblende-plagioclase-(quartz-biotite) diabasic-textured rocks intruded as sills into Prichard Formation. The sills can be as much as 1,000 feet thick; only the larger bodies are shown on the map.
pCbgh Hauser Lake Gneiss -Rusty-weathering, medium-grained, thinly-layered biotite-orthoclase-plagioclase-quartz gneiss and schist that contains minor quartzite. These rocks are foliated and may show lineated, mylontitic fabrics. Sillimanite is common and widespread. Muscovite-biotite schist layers are less than 1 m thick and quartz-feldspar layers are more than 1 m thick. The gneiss is locally intruded by mafic igneous rocks that now are small bodies of garnet-bearing amphibolite. Abundant felsic dikes and irregular crosscutting bodies with wide range of textures and compositions are present. Griggs (1973) thought the Prichard Formation (Belt Supergroup) was the protolith for the gneiss.
pCmu
Metamorphic rocks, undivided -Tan to light-gray, coarse-grained quartzfeldspar-mica gneiss; tan, pink, gray, brown, medium to fine-grained micaceous and sillimanitic schist; gray, prominently layered gneiss and schist, and quartzite. Individual layers in prominently layered gneiss and schist are generally less than 6 inches thick and include quartzite, feldspathic quartzite, micaceous quartz-feldspar gneiss, granitic rock, amphibolite, and schist. Finer-grained sillimanitic facies rocks generally have less welldeveloped schistosity and are commonly intricately folded and contorted on all scales. Intricate folding and contortion on larger-scale is widespread in coarser-grained rocks. Granitic and pegmatitic lenses, pods, and irregular crosscutting bodies are locally abundant. Amphibolite layers and small, irregular amphibolite bodies present in several places. Griggs (1973) thought the Prichard Formation (Belt Supergroup) was the protolith for the gneiss.
pCmuq Quartzite -Medium to coarse-grained, in part vitreous, but mostly micaceous; in zones to hundreds of feet thick with some interlayered, more micaceous rock. Shown separately only in the more highly metamorphosed rocks.
Data Sources, Processing, and Accuracy
The Idaho Geological Survey (IGS) digitized original paper copy field maps prepared by Allan B. Griggs, between 1961 and 1969 , for the Athol, Coeur d'Alene, Kellogg, Kingston, Lakeview, Lane, and Spirit Lake 15-minute quadrangles. The preliminary digital files for each quadrangle (not including point data) were given to the U.S. Geological Survey (USGS) in 1999. Robert J. Miller (USGS) first merged the files for each quadrangle into single topological ArcInfo datasets and then edge matched the individual quadrangle files together to create a single dataset containing all of the IGSprovided digital geologic data (contacts, faults, and map units). Steven R. Munts (contractor) digitized geology from Griggs (1973) to fill in the northeastern part of the quadrangle not covered by Griggs' unpublished field maps. Digital geology (the contact between Quaternary sediments and older bedrock) from Bookstrom and others (1999) and digital geology from Derkey and others (1996) was inserted to complete the compilation. Munts also adjusted the Qal unit contacts to fit 1:100,000 topography. The digital files were then augmented with an interim geologic map data model (data base), further attributed and edited, and then plotted and compared to the original field geologic maps to check for digitizing and attributing errors. All processing by the U.S. Geological Survey was done in Arc/Info versions 7.2.1 and 8 installed on a Sun Ultra workstation.
The overall accuracy (with respect to the location of lines and points) of the digital geologic map (see Figs. 2 and 3 for page-size versions) is probably no better than +/-13 meters. This digital database is not meant to be used or displayed at any scale larger than 1:100,000 (e.g., 1:62,500 or 1:24,000).
GIS Documentation
The digital geologic map of the Coeur d'Alene 1:100,000 quadrangle includes a geologic linework arc attribute Fig. 4 ). These data files are described below.
Linear Features
Descriptions of the items identifying linear features such as contacts, boundaries (e.g., lines of latitude and longitude, state boundaries) and structures in the arc (or line) attribute 
Obtaining Digital Data
The complete digital version of the geologic map is available in Arc/Info interchange format with associated data files. These data and map images are maintained in a Universal Transverse Mercator (UTM) map projection:
Projection: UTM Zone: 11 Y-offset (false northing):
-5,000,000 meters Units:
meters To obtain copies of the digital data: Download the digital files from the USGS public access World Wide Web site on the Internet: URL = http://pubs.usgs.gov/of/2000/0135/ The Internet site contains the digital geologic map of the Coeur d'Alene 1:100,000 quadrangle both in ArcInfo exchange-format files (cda100k.e00 and cda100kp.e00) and as a HPGL2 plot file (cda100k.hp) of the map area, as well as the associated data files and Arc/Info macro programs which are used to plot the map at a scale of 1:100,000.
To manipulate this data in a geographic information system (GIS), you must have a GIS that is capable of reading Arc/Info interchange-format files.
Obtaining Paper Maps
Paper copies of the digital geologic map are not available from the USGS. However, with access to the Internet and access to a large-format color plotter that can interpret either HPGL2 (Hewlett-Packard Graphics Language), or PDF (portable document format) files, a 1:100,000-scale paper copy of the map can be made, as follows: Download the digital version of the map, cda100k.hp or cda100k.pdf, from the USGS public access World Wide Web site on the Internet using the This file can be plotted by any large-format color plotter that can interpret HPGL2 or PDF files. The finished plot is about 30 inches by 42 inches.
Paper copies of the map can also be created by obtaining the digital file as described above and then creating a plot file in a GIS.
Appendix A -List of digital files in the Coeur d'Alene GIS
--Use the 'importfile.aml' to IMPORT all of the *.E00 files for use in ArcInfo. --Use the ArcInfo 'DRAW' command to plot the *.GRA file to your screen. (Make sure the display is set with the ArcInfo 'DISPLAY' command.) --Use the ArcInfo 'HPGL2' command to create a HPGL2 file from the *.GRA file. --Use the UNIX 'lpr -P<plotter_name> cda100k.hp' command to send the cda100k.hp file to a large-format color plotter that can interpret Hewlett-Packard Graphics Language. --To re-create the *.GRA file, open the ArcPlot module, enter 'display 1040', enter a new filename for the graphics file, enter '&run cda100k'.
Primary ArcInfo exchange-format (*.e00) and metadata (*.met) files for the digital geology:
• cda100k.e00 -line and poly GIS • cda100kp.e00 -point GIS • cda100k.met -metadata /* To run this AML: /* 1. Type 'ap' at the 'Arc:' prompt to enter the ArcPlot module, /* 2. Type 'display 1040' at the 'Arcplot:' prompt to create a GRA file, /* 3. Enter a filename of your own choosing (such as cda100k) at the 'Enter ARC/INFO Graphics filename :' prompt for the GRA to be created, /* 4. Type '&run cda100k' at the 'ArcPlot:' prompt to start the program, /* 5. Run the Arc/Info HPGL2 command to convert the GRA file to an HPGL2 file, i.e., hpgl2 cda100k cda100k.hp # 1.0 opaque # 0 # # # cal.dat /* 6. Execute the UNIX 'lpr' command to print the 1:100,000-scale geologic map plot on your plotter, i.e., lpr -Ppicasso cda100k.hp /* ************************ (Griggs, 1973) . Their field observations were posted on paper copies of 15-minute quadrangle maps. In 1999, the USGS contracted with the Idaho Geological Survey to prepare a digital version of the Coeur d'Alene 1:100,000 quadrangle. To facilitate this work, the USGS obtained the field maps prepared by Griggs and others from the USGS Field Records Library in Denver, Colorado. The Idaho Geological Survey digitized these maps and used them in their mapping program. The mapping focused on field checks to resolve problems in poorly known areas and in areas of disagreement between adjoining maps. The IGS is currently in the process of preparing a final digital spatial database for the Coeur d'Alene 1:100,000 quadrangle. However, there was an immediate need for a digital version of the geologic map of the Coeur d'Alene 1:100,000 quadrangle and the data from the field sheets along with several other sources was assembled to produce this interim product. Other data sources include Bookstrom and others (1999) and Derkey and others (1996) . The U.S. Geological Survey (USGS) provides these geographic data "as is". The USGS makes no guarantee or warranty concerning the accuracy of information contained in the geographic data. The USGS further makes no warranties, either expressed or implied as to any other matter whatsoever, including, without limitation, the condition of the product, or its fitness for any particular purpose. The burden for determining fitmess for use lies entirely with the user. Although these data have been processed successfully on computers at the USGS, no warranty, expressed or implied, is made by the USGS regarding the use of these data on any other system, nor does the fact of distribution constitute or imply any such warranty.
In no event shall the USGS have any liability whatsoever for payment of any consequential, incidental, indirect, special, or tort damages of any kind, including, but not limited to, any loss of profits arising out of use of or reliance on the geographic data or arising out of the delivery, installation, operation, or support by USGS.
